

SPECIFICATION 


TITLE: 


"PERITONEAL DIALYSIS CATHETERS* 


FIELD OF THE INVENTION 


The present invention generally relates to catheters, and more specifically, 
the present invention relates to dual lumen catheters having two fluid flow paths. 
The catheters can be used for peritoneal dialysis to infuse and remove dialysate 
simultaneously into and from a patient. The present invention also relates to 
methods of implanting and using catheters. 


Kidney failure and reduced kidney function have been treated with 
dialysis. Dialysis removes waste, toxins, and excess water from the body that 
would otherwise have been removed by normal functioning kidneys. Dialysis 
treatment for replacement of kidney functions is critical to many people because 
the treatment is life saving. One who has failed kidneys could not continue to live 
without replacing at least the filtration functions of the kidneys. 

Hemodialysis and peritoneal dialysis are two types of dialysis commonly 
used to treat loss of kidney function. Hemodialysis treatment utilizes the patient's 
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blood to remove waste, toxins, and excess water from the patient. The patient is 
connected to a hemodialysis machine and the patient's blood is pumped through 
the machine. Catheters are inserted into the patient's veins and arteries to connect 
the bloodflow to and from the hemodialysis machine. The waste, toxins, and 
excess water are removed from the patient's blood and the blood is infused back 
into the patient. Hemodialysis treatment lasts several hours and is generally 
performed in a treatment center about three or four times per week. 

Peritoneal dialysis utilizes a dialysis solution and dialysate, which is 
infused into a patient's peritoneal cavity. The dialysate contacts the patient's 
peritoneal membrane in the peritoneal cavity. Waste, toxins, and excess water 
pass from the patient's bloodstream through the peritoneal membrane and into the 
dialysate. The transfer of waste, toxins, and water from the bloodstream into the 
dialysate occurs due to diffusion and osmosis. The spent dialysate is drained from 
the patient's peritoneal cavity to remove the waste, toxins, and water from the 
patient and replaced. 

Peritoneal dialysis catheters are used to transfer the fresh dialysate into 
the peritoneal cavity and remove spent dialysate from the cavity. Typically, a 
peritoneal catheter is implanted into the peritoneal cavity and remains implanted 
for an extended period of time. For example, the average catheter may remain 
implanted for about 18-24 months, but it is not unusual for a catheter to remain 
indwell for more than 2 years. 
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There are various types of peritoneal dialysis, including continuous 
ambulatory peritoneal dialysis (CAPD) and automated peritoneal dialysis. CAPD 
is a manual dialysis treatment in which the patient connects the implanted catheter 
to a drain and allows spent dialysate fluid to drain from the peritoneal cavity. The 
5 patient then connects to a bag of fresh dialysate and manually infuses the fresh 
dialysate through the catheter and into the patient's peritoneal cavity. The patient 
disconnects the catheter from the fresh dialysate bag and allows the dialysate to 
dwell within the cavity to transfer waste, toxins, and excess water from the 
patient's bloodstream to the dialysate solution. After the dwell period, the patient 

10 repeats the manual dialysis procedure. The patient performs several drain, fill, and 
dwell cycles during the day, for example, about four times per day. Each 
treatment cycle typically takes about 3-4 hours. Manual peritoneal dialysis 
performed by the patient requires quite a lot of time and effort by the patient. The 
patient is routinely inconvenienced leaving ample opportunity for therapy 

15 enhancements to improve patient quality of life. 

Automated peritoneal dialysis is similar to continuous peritoneal dialysis 
in that the dialysis treatment includes a drain, fill, and dwell cycle. However, a 
dialysis machine automatically performs 3-4 cycles of peritoneal dialysis treatment, 
typically overnight while the patient sleeps. A dialysis machine is fluidly connected 

20 to the implanted catheter. The dialysis machine is also fluidly connected to a 
source of fresh dialysate, such as a bag of dialysate solution, and to a fluid drain. 


The dialysis machine pumps spent dialysate from the peritoneal cavity through the 
catheter to the drain. Then, the dialysis machine pumps fresh dialysate from the 
dialysate source through the catheter and into the patient's peritoneal cavity. The 
dialysis machine allows the dialysate to dwell within the cavity to transfer waste, 
5 toxins, and excess water from the patient's bloodstream to the dialysate solution. 
The dialysis machine is computer controlled so that the dialysis treatment occurs 
f* s automatically when the patient is connected to the dialysis machine, for example, 

fp overnight. Several drain, fill, and dwell cycles will occur during the treatment. 

jf= Also, a last fill is typically used at the end of the automated dialysis treatment so 

Q 10 that the patient can disconnect from the dialysis machine and continue daily 

s functions while dialysate remains in the peritoneal cavity. Automated peritoneal 

D dialysis frees the patient from manually performing the drain, dwell, and fill steps, 

[U and can improve the patient's dialysis treatment and quality of life. 

O Various catheters exist for patient implantation to perform peritoneal 

15 dialysis. Existing peritoneal catheters include single lumen and dual lumen 
catheters. A single lumen catheter has a single fluid passageway through the 
catheter, and a dual lumen catheter has two fluid passageways. Single lumen 
catheters allow fluid flow in only one direction into or out of the patient at any 
given moment. Dual lumen catheters allow fluid flow both into and out of the 
20 patient at the same time. Because catheters are surgically implanted into patients 
and because the catheters allow fluids to be infused into and drained from the 
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patients, improvements to catheters and methods of implanting and using catheters 
can be beneficial. 

SUMMARY OF THE INVENTION 

5 The present invention provides new catheters, particularly for continuous 

flow peritoneal dialysis (CFPD). In CFPD, dialysate flows continuously, i.e. 
simultaneously, into and out of the patient. The new catheters have two lumens. 
One lumen allows for fresh dialysate to be infused into the patient, and the other 
lumen allows for spent dialysate to be removed from the patient. Accordingly, 

10 fresh dialysate can flow into the patient simultaneously with spent dialysate 

flowing out of the patient. It is anticipated that a dialysis machine will be used to 
automatically perform the dialysis treatment using the new catheters. 

The new catheter delivers fresh dialysate into the peritoneal cavity at a 
location significantly separated from a location at which the catheter removes 

15 spent dialysate from the peritoneal cavity. The separation of the patient inflow and 
outflow locations of the catheter tends to enhance mixing of the dialysate within 
the peritoneal cavity. Also, as the dialysate flows from the patient inflow location 
through the peritoneal cavity to the patient outflow location, the dialysate may 
tend to contact a relatively large area of the peritoneal membrane. A situation in 

20 which the dialysate flows directly from the patient inflow location to the patient 
outflow location on the catheter with minimal contact of the peritoneal membrane, 


shunting, tends to be avoided. At the patient inflow location, the catheter has fluid 
openings from the inflow lumen which are directed away from the fluid openings 
to the patient outflow lumen at the patient outflow locatioa This direction of the 
patient inflow fluid openings also tends to enhance dialysate mixing and minimize 
5 shunting within the peritoneal cavity. 

One catheter according to the present invention extends from a proximal 
end outside of the patient, upward into the patient and to a preformed bend. The 
proximal end has openings to the patient inflow and outflow lumens for connection 
to a dialysis machine, including a dialysate supply and drain. The patient inflow 

10 lumen extends from the proximal end to a patient inflow port at the preformed 
bend. The catheter continues to extend downward from the preformed bend to a 
distal end inside of the patient's peritoneal cavity. The patient outflow lumen 
extends from the proximal end to a patient outflow port at the distal end. The 
distal end of the catheter may have a coiled shape. As implanted into the patient, 

15 the preformed bend is positioned in the upper area of the peritoneal cavity and the 
coiled distal end is positioned in the lower area of the peritoneal cavity. CT Scan 
and MRI imaging of normal peritoneal dialysis patients lying in supine position (on 
back) with fluid filled peritoneal cavities shows two distinct pools of fluid. One 
pool is found in the upper region of the cavity in the vicinity of the liver and 

20 spleen. The second pool is located in the lower pelvic region separated from the 
upper pool by the intestinal mass. This catheter shape was conceived to take 
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advantage of this reality by locating the patient in flow section in the upper pool 
where fresh dialysate is infused directly. Once infused, the fresh dialysate is forced 
to filter down through the intestinal mass to the patient outflow section 
strategically located in the lower pool. This process enhances mixing with spent 
5 dialysate and exposes a large area of the peritoneal membrane to "fresher" 

dialysate for improved toxin and water removal. The catheter shape also assists in 
□ maintaining the catheter position within the peritoneal cavity, i.e., the patient 

01 inflow preformed bend positioned high in the peritoneum and the patient outflow 

y3 end positioned low in the peritoneum. This can help reduce or prevent omental 

S 10 adhesion to the catheter due to catheter tip migration which causes catheter fluid 

f flow obstructions. 

H 1 During dialysis treatment, fluid can flow from the proximal end through 

Li the patient inflow lumen, out of the patient inflow port, and into the peritoneal 

cavity. The fluid inside the cavity contacts the peritoneal membrane, nixes with 
15 fluid in the cavity, removes waste, toxins, and water, and flows to the patient 

outflow port at the distal catheter end. The fluid then flows from the distal end 

through the patient outflow lumen to the catheter proximal end and is removed 

from the patient. 

Various advantages of the present invention can become apparent upon 
20 reading this disclosure including the appended claims with reference to the 
accompanying drawings. The advantages may be desired, but not necessarily 


required to practice the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a plan view of a catheter according to the principles of the 
present invention. 

Figure 2 is a schematic view of the catheter of Fig. 1 implanted into a 

patient. 

Figure 3 is an end view of an external catheter end of the catheter of Fig. 

1. 

Figure 4 is a cross-sectional view of the catheter of Fig. 1 along the line 

IV-IV. 

Figure 5 is a perspective view of a portion the catheter of Fig. 1 showing 
fluid ports from a patient inflow lumen. 

Figure 6 is a cross-sectional view of the catheter of Fig. 1 along the line 

VI-VI. 

Figure 7 is a perspective view of a portion of the catheter of Fig. 1 
showing an alternate fluid port from the patient inflow lumen. 

Figure 8 is a cross-sectional view along the line VI-VI of Fig. 1 showing 
the alternate embodiment of Fig. 7. 

Figure 9 is a cross-sectional view of the catheter of Fig. 1 along the line 

IX-IX. 
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Figure 10 is a longitudinal cross-sectional view of a portion of the 
catheter of Fig. 1 which transitions from a patient inflow section to a separation 
section. 

Figure 1 1 is a cross-sectional view of the catheter of Fig. 1 along the line 
5 IX-IX showing an alternate cross-section. 

Figure 12 is a longitudinal cross-sectional view of a portion of the 
catheter of Fig. 1 which transitions from a patient inflow section to a separation 
section according to the alternate embodiment of Fig. 11. 

Figure 13 is a cross-sectional view of the catheter of Fig. 1 along the line 
10 XIII-XIII. 

Figure 14 is a perspective view of a portion the catheter of Fig. 1 
according to Fig. 13. 

Figure 15 is a cross-sectional view along the line XIII-XIII of Fig. 1 
showing an alternate fluid port to the patient outflow lumen. 
15 Figure 16 is a perspective view of a portion of the catheter of Fig. 1 

showing the alternate embodiment of the fluid port to the patient inflow lumen of 
Fig. 15. 

Figure 17 is a cross-sectional view of the catheter of Fig. 1 along the line 
XIII-XIII showing an alternate cross-section. 
20 Figure 18 is a cross-sectional view of the catheter of Fig. 1 along the line 

XIII-XIII showing an alternate cross-section. 
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Figure 19 is a cross-sectional view of the catheter of Fig. 1 along the line 
XIII-XIII showing an alternate cross-section. 

Figure 20 is a plan view of a portion of an alternate catheter according to 
the principles of the present inventioa 

Figure 21 is a schematic partial cross-sectional view of a patient showing 
the catheter of Fig. 1 implanted in the patient. 

Figure 22 is a schematic view showing the catheter of Fig. 1 being 
implanted into a patient. 


DETAILED DESCRIPTION OF PRESENTLY PREFERRED 
EMBODIMENTS 

Although the present invention can be made in many different forms, the 
presently preferred embodiments are described in this disclosure and shown in the 
attached drawings. This disclosure exemplifies the principles of the present 
invention and does not limit the broad aspects of the invention only to the 
illustrated embodiments. 

A new catheter 10 according to the principles of the present invention is 
shown by way of example in Fig. 1. The catheter 10 is implanted into a patient's 
peritoneal cavity for peritoneal dialysis. Referring also to Fig. 2, the catheter 10 is 
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shown partially in phantom implanted into a patient 12. The catheter 10 allows for 
dialysate to be infused into and removed out of the peritoneal cavity. Particularly, 
the catheter 10 allows for continuous flow peritoneal dialysis treatment. Again, 
continuous flow peritoneal dialysis means that dialysate flows simultaneously into 
5 and out of the peritoneal cavity. The catheter 10 can also be used to perform 
other types of peritoneal dialysis. 

The catheter 10 is a dual lumen catheter which has two lumens or fluid 
flow paths through a flexible tube 14. One lumen provides for fluid to flow from 
outside the patient, through the catheter 10, and into the patient, i.e. to infuse 

10 dialysate into the peritoneal cavity. The second lumen provides for fluid flow in 
the opposite directioa The second lumen allows fluid to flow from the peritoneal 
cavity, through the catheter 10, and exit the patient. Continuous flow peritoneal 
dialysis can be performed on the patient because of the dual lumens in the catheter 
10. However, the catheter 10 can be used without simultaneous fluid flow into 

15 and out of the patient. For example, the dialysis treatment may be controlled such 
that fluid flows through only one lumen at any given time. Also, only one lumen 
could be used, while the other lumen is not used, if desired. Although, the catheter 
10 is shown and described as a single tube 14 having multiple lumens, other 
structures could be used. For example, the catheter 10 could be made of two 

20 single lumen tubes joined together along their longitudinal lengths. 

The catheter 10 is made of flexible medical grade tubing 14 suitable for 
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implanting inside a patient. Referring to Fig. 1, the catheter 10 can be described as 
having four main sections, a connection section 16, a patient inflow section 18, an 
inflow/outflow separation section 20, and a patient outflow section 22. The 
connection section 16 extends from an external catheter end 24 (proximal aid) to 
5 a junction 26 with the patient inflow section 18. The patient inflow section 18 is a 
curved segment which extends from the junction 26 to a junction 28 with the 
separation section 20. The separation section 20 extends from the junction 28 
with the patient inflow section 18 to a junction 30 with the patient outflow section 
22. The patient outflow section 22 extends from the junction 30 to an internal 

10 catheter end 32 (distal end). The locations of the junctions 26, 28, 30 and the 
lengths and shapes of the sections 16, 18, 20, 22 can vary depending on the 
embodiment of the invention. 

Referring to Figs. 1 and 2, the connection section 16 of the catheter 10 
provides the function of connecting the catheter 10 to a dialysate supply and 

15 removal system, such as an automated continuous flow peritoneal dialysis system 
(not shown). The external catheter end 24 is positioned external to the patient 12 
and is connected to the automated continuous flow peritoneal dialysis system. The 
catheter 10 has a generally vertical orientation when implanted into the patient 12, 
with the patient inflow section 18 positioned vertically upward, toward the upper 

20 area of the peritoneal cavity. The connection section 16 extends vertically 

downward and out of the patient 12 at an exit site 34. The separation section 20 
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also extends vertically downward from the patient inflow section 18. The patient 
outflow section 22 is positioned downward toward the bottom of the peritoneal 
cavity. 

An end view of the external catheter end 24 is shown in Fig. 3. A patient 
5 inflow lumen 36 allows fluid to flow into the patient from a port 38 at the catheter 
end 24. A patient outflow lumen 40 allows fluid to flow out of the patient from a 
port 42 at the catheter end 24. A septum 44 separates the patient inflow and 
outflow lumens 36, 40 from each other. Accordingly, the patient inflow and 
outflow lumens 36, 40 allow simultaneous fluid flow into and out of the patient via 

10 the dual lumen catheter 10. 

Referrira to Figs. 1 and 2, the connection section 16 also provides for 
anchoring the catheter 10 to the patient. One or more implant cufls 46, 48 on the 
connection section\16 anchor the catheter 10 to the patient. The implant cufls 46, 
48 can be polyester pit or other material which allows tissue ingrowth into the 

15 cufls. The catheter 10 is implanted into the patient with the cuff 46 positioned just 
below the patient's skin and the cuff 48 imbedded in the patient's rectus muscle. 
The subcutaneous tissue grows into the implant cufls 46, 48 to anchor the catheter 
10 to the patient. Whdn the catheter 10 is implanted inside of a patient, the 
portion of the catheter 10 from the external catheter end 24 close to the cuff 46 is 

20 external to the patient, and is called an external patient portion 50. The remainder 
of the catheter 10 is implanted inside of the patient and is called an implantable 
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portion 52. As shown in Fig. 1, the implantable portion 52 has a generally non- 
linear shape, although portions of the implantable portion 52 my be substantially 
liraar. 

A radiopaque stripe 54 extends along the length of the catheter 10 with 
5 reference to Figs. 1 and 3. Preferably, the radiopaque stripe 54 extends along the 
patient outflow lumen 40; however, the radiopaque stripe 54 can be located at any 
position on the catheter 10 as desired. Under x-ray, the radiopaque stripe 54 
shows the position of the catheter 10 inside of the patient. 

Fig. 4 shows the connection section 16 in cross-section along the section 
10 line IV-IV in Fig. 1. The cross-section of the connection section 16 (Fig. 4) is 

generally consistent along the length of the connection section 16 from the external 
catheter end 24 to the junction 26. Except, the cuffs 46, 48 are not shown in Fig. 
4. Also, the cross-section in the area of the junction 26 may change as the 
connection section 16 transitions to the patient inflow section 18, depending on the 
15 cross-section of the patient inflow section 18. 

Referring to Figs. 1 and 5, the patient inflow section 18 has a fluid 
opening (port) 56 to the patient inflow lumen 36 to allow dialysate to exit the 
patient inflow lumen 36 and be infused into the peritoneal cavity. The patient 
inflow section 18 is preformed to a curved shape to form a curved segment. 
20 Preferably, the fluid opening 56 is a plurality of round holes through the catheter 
tube wall along the outer radial surface of the curved inflow segment 1 8. The 
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curved segment preferably spans an arc of about 180°; however, greater or lesser 
amounts of curvature can be used. When the catheter 10 is implanted into a 
patient, the patient inflow section 18 will be positioned generally towards to upper 
area of the peritoneal cavity, with the remainder of the catheter 10 extending 
5 downward. 

Fig. 6 shows the patient inflow section 18 in cross-section along section 
line VI- VI of Fig. 1. The cross-section of the patient inflow section 18 is 
consistent from the connection section 16 to the separation section 20, except for 
the transitions at the junctions 26, 28, depending the configurations of the lumens 

10 36, 40. The fluid openings 56 in the patient inflow section 18 for the patient 

inflow lumen 36 are a plurality of round holes. Hole shape and sizes may be varied 
along the inflow section length in order to create a more uniform flow pattern or a 
specific flow velocity distribution if so desired. As shown in Fig. 5, there are two 
rows of evenly spaced holes 56. The two rows of holes 56 are longitudinally 

15 of&et from each other, however, the offset is not required for proper function of 
catheter. As shown in Fig. 6, the centerlines of the holes 56 in the two rows of 
holes form an angle of about 90°, however, other angles could be used. The 
location of the holes 56 allows for thorough mixing of dialysate within the 
peritoneal cavity. Referring to Fig. 1, the fluid holes 56 face in a direction away 

20 from the patient outflow section 22. Accordingly, the dialysate entering into the 
peritoneal cavity from the holes 56 in the patient inflow section 18 travels a 
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tortuous path to reach the patient outflow section 22. This tends to enhance 
dialysate contact on the peritoneal membrane and improve mxing. Improved 
dialysate contact with the peritoneal membrane and better mixing can improve the 
dialysis treatment of the patient. 
5 The patient inflow section 1 8 has been described as having a curved 

shape. The term curved contemplates structures other than a smooth curve of the 
tube 14, e.g. a non-linear shape. If one follows along the catheter 10 from the 

s tl proximal end 24 upward, the patient inflow section 18 reverses the longitudinal 

direction of the catheter 10 to a downward direction to reach the distal end 32. In 

^ 10 addition to having the fluid openings 56, the patient inflow section 1 8 connects 

ljl connection section 16 and the separation section 20 together. Accordingly, the 

o 

il curved term contemplates many different shapes, such as an inverted U, an 

□ inverted V, a straighter line with right angles at the aids of the lines, and any other 

structure to connect the connection section 16 to the separation section 20. Also, 
15 the patient inflow section 18 is preformed as a curved segment and generally 

retains its curved shape. Although the tube 14 is flexible, the form-retentive tube 
14 will tend to retain its curved shape of the patient inflow section 18 when 
implanted inside of the patient. The entire tube 14 of the catheter 10 has the 
flexible, form-retentive characteristic. 
20 An alternative patient inflow section 58 is shown in Figs. 7 and 8. Instead 

of the round holes for the fluid opening 56 in the patient inflow section 18 (Figs. 5 
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and 6), the patient inflow section 58 has elongated slots 60 to allow dialysate to 
flow into the peritoneal cavity. Also, the patient inflow lumen is two patient 
inflow lumens 62 separated by a septum 64. The septum 64 can have openings to 
allow fluid flow between both patient inflow lumens 62. The fluid opening 56 can 
5 have shapes other than round holes and slots, as desired, for example, elongated 
holes. 

^ Referring to Fig. 1, the implantable portion 52 of the catheter 10 has a 

^ separation section 20. The separation section 20 is a generally straight section of 

>75 the flexible tube 14 which separates the patient inflow section 18 and the patient 

m 10 outflow section 20 from each other. As described above, when the catheter 10 is 

u implanted into a patient, the patient inflow section 18 is generally positioned at an 

b 

M upper area of the peritoneal cavity to deliver dialysate to the patient. The 

|=| : 

G separation section 20 positions patient outflow section 22 downward toward the 

lower area of the peritoneal cavity and away from the patient inflow section 18. 
15 The separation section 20 allows dialysate flowing into the patient at the patient 
inflow section 18 to travel a great distance in the peritoneal cavity to reach the 
patient outflow section 22. The great distance of dialysate fluid flow in the 
peritoneal cavity also tends to improve the dialysis therapy because the dialysate 
can contact a greater portion (surface area) of the peritoneal membrane and 
20 improved mixing of fresh and spent dialysate can occur. 

Fig. 9 shows a cross-section of the separation section 20 from the 
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junction 28 with the patient inflow section 18 to the junction 30 with the patient 
outflow section 22. In this embodiment, the separation section 20 has the patient 
outflow lumen 40 without the patient inflow lumen 36 because the patient inflow 
lumen 36 has been terminated. Fig. 10 shows a longitudinal cross-section of the 
catheter 10 in the area of the junction 28 between the patient inflow section 18 and 
the separation section 20. The patient inflow lumen 36 terminates at an end 66. 
The catheter 10 transitions from a dual lumen catheter to a single lumen catheter. 

Figs. 1 1 and 12 show cross-sections of an alternative separation section 
68. In this embodiment, separation section 68 has both a patient inflow lumen 70 
and a patient outflow lumen 72. A septum 74 separates the patient inflow and 
outflow lumens 70, 72. In this embodiment, the patient inflow lumen 70 may 
terminate and be closed at or before the distal catheter end 32. 

The patient outflow section 22 is shown in Fig. 1. The patient outflow 
section 22 has a preformed, coiled shape. A fluid opening (port) 76 and the open 
distal end 32 are open to the patient outflow lumen 40 to allow fluid to exit the 
peritoneal cavity through the catheter 10. Referring also to Figs. 13 and 14, the 
fluid opening is preferably a plurality of holes 76 generally all around the exterior 
of the tube 14 from the junction 30 to the distal end 32. The patient outflow 
section 22 with the fluid opening 76 is spaced a great distance from the patient 
inflow section 18 and the fluid opening 56. Accordingly, dialysate fluid must flow 
from the patient inflow section 18 - positioned in the upper area of the peritoneal 
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cavity - a great distance to the patient outflow section 22 - positioned in the lower 
area of the peritoneal cavity. The inflow and outflow of dialysate fluid through the 
catheter 10 can occur simultaneously. 

Figs. IS and 16 show an alternative patient outflow section 78. In this 
5 embodiment, instead of holes 76, the fluid opening is a plurality of elongated slots 
80. Several septums 82 are connected together and hold the outer tube portions 
84 together. The patient outflow lumen is partitioned into several patient outflow 
lumens 86 by the septums 82. The septums 82 can have openings to allow fluid 
flow between any of the patient outflow lumens 86. Of course, the fluid opening 
10 76 in the patient outflow section could have shapes other than holes and slots as 
desired. 

Figs. 17-19 show additional alternate cross-sections of the patient 
outflow section 22. In Fig. 17, the patient outflow section 88 has slots 80 on only 
the side of the tube having the radiopaque stripe 54. Lumen 90 can be part of the 

15 patient outflow lumen by carrying fluid out of the patient from an open distal end 
32 and/or from fluid openings through the septums 82 to the lumens 86. The 
lumen 90 could be part of the patient inflow lumen 36, but would have a closed 
end at or prior to the distal end 32. The patient outflow section 88 of Fig. 17 may 
have greater structural strength around lumen 90 because there are no slots 

20 opposite the radiopaque stripe 54. Accordingly, the lumen 90 may provide greater 
containment of a stiffening stylet inserted into the lumen 90 during implantation of 
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the catheter 10. The patient outflow section 92 of Fig. 18 is similar to the patient 
outflow section 88 of Fig. 17. Except, the slots 80 in the Fig. 18 embodiment are 
on the side of the tube opposite the radiopaque stripe. The patient outflow section 
94 of Fig. 19 is similar to the patient outflow section 88 of Fig. 17. Except, holes 
5 76 replace the slots 80. 

Fig. 20 shows an alternative embodiment of the catheter 10. In this 
embodiment, the catheter 10 is generally the same as previously described 
embodiments, except for the patient outflow section 22. The flexible patient 
outflow section 96 has a substantially straight shape rather than the coiled shape of 

10 the patient outflow section 22 shown in Fig. 1. The patient outflow section 96 has 
a port, such as a plurality of holes 76 or slots 80, for the patient outflow lumen 40. 
The cross-sections of the patient outflow sections shown in Figs. 13, 15, and 17- 
19 are also applicable to the patient outflow section 96 of Fig. 20. 

Implantation of the catheter 10 into a patient will now be described. 

15 Generally, the catheter 10 can be implanted by accepted catheter implantation 
methods, including open surgical dissection, peritoneoscopic, and percutaneous, 
for example, with modifications due to the new catheters of the present invention. 
Because the open surgical dissection method is the most commonly used 
implantation method for existing peritoneal dialysis catheters, an open surgical 

20 dissection implantation method for the catheter 10 will be described. This 
disclosure of the invention is not a medical text and, thus, the procedural steps 



-21- 

described below do not constitute a complete formal medical procedure. Medical 
professionals should determine and apply all appropriate procedures. 

I. Patient Preparation 
5 Preparation for catheter placement should follow accepted hospital 

procedures for general abdominal surgeiy. 

1. Empty the patient's bowel and bladder. An enema should be 
used, if necessary. 

2. Shave the insertion area and mark entrance and exit locations 
10 with a sterile ink pea Referring to Fig. 21, the entrance site 98 will be located 

approximately 3 - 6 cm directly above the exit site 100, or above and slightly to 
the side of the exit site 100. These locations of the entrance and exit sites 98, 100 
provide for the external patient portion 50 of the catheter 10 to be directed 
downward and the implantable portion 52 to point upward to the patient inflow 
15 section 18. 

3. Prepare the sterile field. After a Betadine scrub, the entrance 
and exit markings may need to be reapplied. 

4. Anesthetize the area locally where the initial incision, tunnel 
and subsequent skin puncture will be made. Avoid general anesthesia whenever 

20 possible. 

5. Patient is now ready for implantation of the catheter 10. 
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II. Catheter Implantation 

1. A 3 - 4 cm transverse incision 102 is made through the skin 
104 and subcutaneous tissue 106. The transverse incision 102 is continued down 

S through the anterior rectus sheath 1 08. 

2. The rectus muscle fibers 1 10 are separated to expose the 
posterior rectus sheath 1 12. 

3. An incision is made through the posterior rectus sheath 112, 
trans versalis fascia 114, and parietal peritoneum 1 16 no larger than necessary to 

1 0 introduce the catheter 1 0. 

4. A purse-string suture 1 17 is placed around the incision to 
help seal after catheter insertioa 

5. The catheter 10 is placed in a sterile saline bath while 
compressing the cufls 46, 48 to remove any entrapped air. 

15 6. Referring to Figs. 21 and 22, a stiffening stylet 1 18 is inserted 

into the patient outflow lumen 40 (lumen identified by radiopaque stripe) of the 
catheter 10. The stylet 118 stiffens the catheter 10 and straightens the curved 
patient inflow section 18 and the coiled patient outflow section 22 for easier 
insertion. The stylet 118 should fall at least 1 cm short of the distal end 32 of the 

20 catheter 10 to prevent perforation of the bowel 120 or other intraperitoneal injury. 
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10 cm while advancing 


7. As shown in Fig. 22, the catheter 10 is initially directed 
downward toward the lower pelvis with the stylet 118 pointing downward. With 
the coiled patient outflow section 22 embodiment, once the catheter tip (distal end 
32) is deep in the pelvic cavity the stylet 1 1 8 is slowly removed approximately 20 
cm while simultaneously advancing the catheter 10 deeper to allow the coil to 
reform its coiled shape and remain low in the pelvis. 

8. oice the catheter tip (distal end 32), coiled or straight 
embodiments, is proper y located low in the pelvis, the stylet 1 18 removed another 

he catheter 10 inward by the same amount. At this point 
10 the stylet 118 should remain fixed while advancing the catheter 10 all the way into 
the peritoneum 122 until the distal cuff 48 is seated firmly in the rectus muscle 1 10 
but not protruding into toe peritoneum 122. 

9. The portion of the stylet 1 18 and catheter 10 external to the 
patient is rotated approximately 135° downward with the portion of the stylet 118 

15 and catheter 10 inside of the patient rotated upward as shown in Fig. 22 to force 
the patient inflow section 1 8 into the upper portion of the abdomen near the liver. 
During this step the catheter 10 should be kept as close to the abdominal wall as 
possible. Ideal placement would result in the catheter 10 lying in the area between 
the intestinal mass (bowels 120) and the posterior abdominal wall as shown in Fig. 

20 21. 

10. The purse-string suture 1 17 is firmly cinched around the 
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catheter 10. An additional suture can be added to secure the cuff 48 to the rectus 
muscle 1 10 if desired. 

III. Subcutaneous Tunnel 

5 1 . A tunneling tool is inserted into one of the catheter lumens 

36, 40. 

2. A small scalpel puncture is made at the premarked exit site 

100 location which is directly below or below and slightly to one side of the 
entrance site 98 location. 

10 3. Referring to Fig. 21, the tunneling tool with catheter 10 

attached is advanced from the original entrance site incision 102, under the skin 
104 and out the scalpel puncture at the exit site 100 forming a straight, stress-free 
subcutaneous tunnel. The catheter 10 is pulled through the tunnel until the 
catheter 10 is straightened and the proximal cuff 46 is approximately 2 cm below 

15 the skin surface. 

IV. Finish Procedure 

1. An adapter is attached to the proximal end 24 of the 
catheter 10 and catheter flow is assessed by infusing and draining saline solution 

20 through both lumens 36, 40. 

2. Once the fluid flow function is validated, the entrance site 
incision 102 is closed. Suturing of exit site 100 is not recommended. 
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3. The catheter 10 is secured to the skin and the exit wound is 

dressed appropriately. 

Dialysis may begin as early as required, but recommended no sooner than 

2 weeks. 

5 The catheter 10 and the implantation method provides for an unstressed, 

straight tunnel through the patient's tissue into the peritoneal cavity 122. Also, the 
exit site 100 is directed downward so the external patient portion 50 of the 
catheter 10 is positioned in a downward directioa The catheter 10 can have a 
close implant cuff spacing (small distance between implant cufls 46, 48). 

10 Accordingly, only a small length of catheter tubing between the implant cufls 46, 
48 will be positioned within the patient's abdominal wall tissue. 

While the presently preferred embodiments have been illustrated and 
described, numerous changes and modifications can be made without significantly 
departing from the spirit and scope of this inventioa Therefore, the inventors 

15 intend that such changes and modifications are covered by the appended claims. 


